Background Acetabulum is a cup-shaped cavity of the hipbone. It constitutes the acetabular part of the hip joint. Its shape and position related to the head of the femur are crucial for the biomechanics of this joint. The knowledge of various acetabular dimensions is essential to diagnose various diseases of hip joint, to monitor patient recovery, to determine stability of the hip joint, to assess acetabular dysplasia, and also to create patient-specific acetabular implants in case of hip arthroplasty. Various parameters of acetabulum differ with respect to age, sex, race, and region. Thus, a region-specific knowledge of the acetabular dimensions will be helpful for surgical reconstruction and sex determination.
Introduction
An information about the anatomy of the hip bone is essential to accomplish various surgical procedures of the hip joint. Reformation of the acetabulum in cases of profound stringency of acetabulum bone is a challenging job during total hip arthroplasty. An accurate knowledge of the local acetabular morphometry is required for surgical treatment of femoroacetabular impingement 1 . A study of anatomical dimensions of the components of the hip joint is also important for understanding of the etiopathogenesis of diseases like primary osteoarthrosis of the hip joint 2 . The hip joint which was previously known as a ball and socket joint is also described as a rotational conchoid 3 .
The acetabulum (Latin acetabulum, vinegar cup, from acetum-vinegar) is a deep, cup-shaped, hemispherical Sex Differences in Acetabulum Sachdeva et al.
depression on the hip bone formed medially by the pubis, above by the ilium, laterally and below by the ischium, bounded by a prominent acetabular rim. Its central part called acetabular fossa is surrounded by a curved lunate articular surface for articulation with the head of the femur. A gap exists in the inferior part which is known as the acetabular notch. This notch transformed into a neurovascular foramen by the transverse acetabular ligament 4 .
Previous authors have also lamented that measurements of acetabulam differ with respect to age, sex, and race and also within regions. Govsa et al 5 also reported that the size, shape, and depth of the acetabulum are also variable. Joint incongruences are frequent with minor anatomical variations in the shape of the acetabulum, since the acetabulum is not always of same shape, width, or depth. Thus, the present study was undertaken as controversies do exist in the morphometry of acetabulum.
Further, among all the elements of human skeleton, the hip bone is most promising for sex resolution from skeletal remains. However, frequently the parts of hip bone obtained from exhumed material are broken or missing. Sex identification is also complicated by morphological and metrical variations seen between and within human populations. Also, there is some overlap in values which could be due to (1) the considerable frequency of hypomusculinity in male and or hypofeminity in female bones and (2) the related factor could be genetic, nutritional, socioeconomic, and physical stress in individuals. 6 Knowledge about average parameters of hip bones in both males and females will also help in early determination of unknown sex by forensic experts. 2 The purpose of this research was to describe the normal acetabular morphometry in North Indian cadaveric hip bones and to resolve whether there are sex differences and side differences, in geometrical dimensions of the acetabulum among them since anthropometric parameters of the bone are strongly influenced by race, climate, heredity, and geographical areas.
Materials and Methods
The material for the current study comprised of 100 adult human hip bones with known sex (males:females = 80:20) and side (males right:left = 40:40; female right:left = 10:10). The bones were procured from Department of Anatomy, Government Medical College, Amritsar, Punjab, India. The bones were intact and devoid of morbid changes. Since the bones were extracted from cadavers, the sex of the bones was already known. Ethical clearance was taken from the ethical committee of Government Medical College, Amritsar.
In each of the hip bones, the following six parameters related to the acetabulum were studied: breadth of acetabulum, vertical diameter of acetabulum, maximum depth of acetabulum, linear length of acetabular notch, length of acetabular rim, and total length of acetabular rim with notch.
1. Breadth of acetabulum It is measured as the longest transverse diameter of the acetabulum when pelvis is kept in spinosymphyseal plane 7 (BB' in ►Fig. 1). This diameter was taken by placing the hip bone in anatomical position, and measuring the maximum transverse width of acetabulum with Vernier calipers on both the sides. 2. Vertical diameter of acetabulum It is the greatest diameter of acetabulum calculated in the axis of the body of ischium. 8, 9 However, a slight modification was done when the lower end of this diameter fell into the region of acetabular notch, that is, it was marked at the posterior end of lunate surface which served as a constant bony landmark (VV' in ►Fig. 1). It was measured with Vernier calipers. 3. Maximum depth of acetabulum For measuring it, a steel bar was kept across the horizontal diameter of the acetabulum and then maximum depth of acetabulum was noted as the perpendicular depth between the deepest point of acetabulum and the steel bar. It was measured by using depth bar on the scale of Vernier calipers. 4. Linear length of acetabular notch It is taken as the distance between the innermost edges of the articular surfaces of the acetabulum (LL' in ►Fig. 1). It was measured with Vernier calipers on both sides. 5. Length of acetabular rim It was measured with micropore tape which was plastered to the circumference of the acetabular cup just interior to the rim of its articular surface (arch LL' in ►Fig. 1). Then it was cut with scissors at the ends of articular surface bordering the acetabular notch. Then it was taken off the bone and its length was measured with the help of centimeter scale. 6. Total length of acetabular rim with notch It was derived by adding the measurements of linear length of acetabular notch and length of acetabular rim (sr. no. 4 and 5, respectively).
The values for all these parameters were then tabulated and statistically analyzed using SPSS Version 17 (IBM), to find out the sexually dimorphic significant parameters and to determine any significant difference between sides in both the sexes.
Mean, standard deviation, and standard error (SE) of mean in both the sexes were calculated for all the acetabular dimensions. Independent Student's t-test for equality of means was applied to the results and "t" and "p-values" were calculated to find out the significance of the differences between the means for males and females.
Results
The results of the various acetabular dimensions and their statistical analysis in the present study have been tabulated in ►Tables 1 to 5. ►Table 1 gives mean values of acetabulum in males and females irrespective of side, ►Table 2 compares the values with respect to sex statistically, ►Table 3 gives the values with respect to side in both sexes, ►Tables 4 and 5 compare statistically the values with respect to side. ►Table 1 shows that all acetabular dimensions are more in males as compared with females.
On interpretation of ►Table 2 it can be seen that following four parameters have significant gender differences: breadth of acetabulum, vertical diameter of acetabulum, length of acetabular rim, and total length of acetabular rim with notch.
In ►Table 3, the mean values and range of various acetabular dimensions are given in both sexes and on both sides separately.
A comparison between the mean values of different parameters of acetabulum on right and left side in males and females are given in ►Tables 4 and 5. These were again analyzed using the independent Student's t-test for equality of means. A look at this table shows that there is no statistical significant difference between the sides in males or females. ►Table 3 shows that all values of acetabulum are more on left side as compared with right both in males and females, except for length of acetabular rim and total length of acetabular rim and notch. A look at ►Tables 4 and 5 shows that statistically there is no significant difference between the sides in males or females.
Discussion
A knowledge of the dimensions of the components of hip joint is mandatory for better insight into the causes of primary osteoarthrosis of hip joint and in constructing suitable prostheses. Awareness of the average values of the bones of the hip joint in males and females will also help in early sex determination from skeletal remains by forensic experts. Krogman 10 and Stewart 11 reported that particular sex cannot be determined only by visual examination. Asala et al 12 added that sex determination is possible only to some extent by seeing the hipbone. Thus, dimensions of acetabulum could also be included in addition to the already prevailing knowledge on the hip bone for determining sex of an individual. Therefore, in the current study various parameters of acetabulum were measured, statistically analyzed, and results are compared with previous studies.
Breadth of acetabulum
As can be interpreted from ►Tables 1 and 2, the mean depth of acetabulum is significantly more in male bones as compared with female bones (p-value = 0.000). A comparison of the present study with previous published studies (►Table 6) depicts that acetabulum is broader in males among all studied populations, which may be attributed to male robusticity.
If we compare the two sides in males and females, it is slightly broader on left side in both sexes again toeing in line with the only earlier study done by Chauhan et al 7 on New Delhi population. However, this difference in side was statistically insignificant (►Tables 4 and 5).
Vertical diameter of acetabulum:
A look at ►Tables 1 and 2 shows that acetabulum was significantly vertically wider in males in comparison to females (p-value = 0.000). Earlier only Davivongs 8 had measured this diameter in both sexes of Australian aborigines and found it to be 5.15 cm in males and 4.59 cm in females, that is, less than values in the present study.
However, Mukhopadhaya and Barooah 13 had measured it only in females but on both sides and found it to be more on right side (4.8 cm on the right side and 4.6 cm on the left side) while in the present sample, it was found to be slightly more on the left side in both the sexes though the difference was statistically insignificant (►Tables 4 and 5) .
The studies on acetabular diameter have been done in different authors in different parts of the world (values in ►Table 6). Variations in acetabular diameter have been found and this can be attributed to varying level of activity, genetics, race, diet, and lifestyle. Also, it is essential to measure the diameter of the acetabular diameter as part of the preoperative planning to estimate the size of the acetabular cup in the surgical procedure of the acetabulum, chiefly in total hip arthroplasty 14 .
3. Depth of acetabulum: Interpretation of data from ►Tables 1 and 2 shows that the acetabula are deeper in male, but the difference is statistically insignificant (p-value = 0.064). Also, the depth was more on left side in both sexes (►Table 3), but the difference between the sides was insignificant in males (p-value = 0.226) but significant in females (p-value = 0.013) (►Tables 4 and 5).
A comparison of acetabular depth with the previous published studies (►Table 7) shows that our results are in consonance with the studies in various regional Indian populations 1,13,24,26 and also in Toronto 16 and Portuguese population, 18 but more than Turkish, Korean, Austrian, Pittsburgh, and Serbian populations 17, 19, 20, 23, 25 and less than Malawians and Croatian 21, 22 Also, in all the previous studies acetabula are deep in males as compared with females except for the computed tomography scan study by Arsić et al 4 on Serbian population, where female acetabula were found to be deeper than males.
While the gender difference was found to be insignificant in the present study and the study by Chauhan et al, 7 on the other hand it was found to be statistically significant by Khobragade and Vatsalaswamy. 8 The depth of acetabulum is an important parameter of the hip dysplasia. 27 Normal value of this parameter below 9 mm is referred as dysplasia. 24 This depth is of interest because of its influence on the range of movement of the femoral component and acetabular cover. 21, 25 4. Linear length of acetabular notch ►Table 1 shows the mean linear length of acetabular notch while ►Table 3
gives the values on both sides of both the sexes. When compared between the two sexes (►Table 2), it was more in males but the difference was statistically insignificant (p-value = 0.397). However, the comparison between the sides with respect to sex shows (►Table 3) it is seen that Sex Differences in Acetabulum Sachdeva et al.
in females it is almost the same on the two sides but in males it is insignificantly (p-value = 0.269, ►Table 4) more on the left side. However, no earlier data could be traced in the literature to compare this parameter. 5. Length of acetabular rim The results of the mean length and range of the length of acetabular rim on right and left sides in both sexes of North Indian Population have been depicted in ►Tables 1 and 3. If compared between the sexes, the values are significantly more in males (p-value = 0.001). Also, it was more on right side in both males and females, but insignificantly (p-value = 0.381 in males and 0.704 in females). Karns et al 28 in their study on acetabular rim length, to calculate graft sizes for reconstruction of acetabular labrum, also stated that no study has looked specifically at overall acetabular rim lengths or rim arc lengths which are must for graft during total and subtotal labral reconstructions. If known, this would add to our overall understanding of periacetabular morphology and may assist with operative planning during arthroscopic hip preservation surgery. 28 They conducted the study on 143 sets of acetabula of which 90 (63%) were male, and 53 (37%) were female, the values being 1.582 cm and 1.367 cm, respectively. Thus toeing in line with the present study, values were significantly more in males. 6. Total length of acetabular rim with notch The observations for this parameter in males and females of the present study are given in ►Table 1. It denotes that the total length of acetabular rim with notch measures significantly more (p-value = 0.000, ►Table 2) in males than in females on both the sides. Also, the length is slightly more on right side both in males and females (►Table 3, though the difference was statistically insignificant (p-value = 0.666 and 0.253 in males and females, respectively) (►Tables 4 and 5). No earlier data were available for the comparison.
Thus if we analyze all acetabular parameters in relation to the side, it was seen that all these values were higher on left side, both in males and females and in all the studies, that is, an observation toeing in line with Chibber and Singh, 29 Singh, 30 and Dogra and Singh, 31 who suggest that both in right-and left-handed individuals, left limb is dominant and is used by more people for weight bearing. Therefore, dimensions of left side should be more so as to bear greater loading force on femur. Nevertheless, to avoid an abnormal gait there should not be much of a difference between the sides.
Conclusions
To conclude, we stress upon the importance of measuring acetabular dimensions and giving population-specific data for various regions. As the present study suggests that there are no statistically significant differences between the two sides in various acetabular dimensions but there do exist significant sex differences. Thus, the present study gives region-specific acetabular dimensions for the help of medicolegal experts, amthropologists, orthopedic surgeons, and prosthetists to perform better in their respective fields.
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